Clemson University

TigerPrints
All Theses

Theses

8-2013

COMPARISON OF METHODS TO
EVALUATE CHITOSAN AS AN
ANTIMICROBIAL AGAINST LISTERIA SPP.
CULTURES
Scott Hartley
Clemson University, sh.hartley@yahoo.com

Follow this and additional works at: https://tigerprints.clemson.edu/all_theses
Part of the Engineering Science and Materials Commons
Recommended Citation
Hartley, Scott, "COMPARISON OF METHODS TO EVALUATE CHITOSAN AS AN ANTIMICROBIAL AGAINST LISTERIA
SPP. CULTURES" (2013). All Theses. 1712.
https://tigerprints.clemson.edu/all_theses/1712

This Thesis is brought to you for free and open access by the Theses at TigerPrints. It has been accepted for inclusion in All Theses by an authorized
administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.

COMPARISON OF METHODS TO EVALUATE CHITOSAN AS AN
ANTIMICROBIAL AGAINST LISTERIA SPP. CULTURES

A Thesis
Presented to
the Graduate School of
Clemson University

In Partial Fulfillment
of the Requirements for the Degree
Master of Science
Packaging Science

by
Scott Huntington Hartley
August 2013

Accepted by:
Dr. Kay Cooksey, Committee Chair
Dr. Duncan Darby
Dr. Ronald Thomas

ABSTRACT
The antimicrobial properties of a chitosan-coated vacuum-packaged pouch were
tested against Listeria monocytogenes (LM) inoculated on frankfurters. A 1.5% chitosan
solution was successfully coated onto a corona-treated poly/nylon based film and then
heat-sealed to form a pouch. An initial 5 log CFU/mL population of LM was used to
inoculate a frankfurter in the pouch, which was then vacuum-sealed and stored at 4° and
13° C for a period of 8 weeks, with bacteria enumeration performed on weekly intervals.
An uncoated pouch was tested as a control.

It was found that the chitosan-coated

pouches did not exhibit any antimicrobial properties against the LM in comparison to the
control pouches. This serves as evidence of the inability of chitosan components to
diffuse through a solid matrix, such as a film on solid media, and effectively inhibit
bacteria growth. The bacteria population in the chitosan-coated pouches was between 5.5
and 7 log CFU/mL after 8 weeks of shelf life testing. This was similar to the bacteria
levels in the control pouches.
Initial research compared commonly used screening tests for their ability to
effectively identify or characterize antimicrobial properties of chitosan. The two outlined
are Film Overlay and Shake Flask assay, which are representative of solid and liquid
matrices, respectively. It was found that the Film Overlay assay is not adequate for
chitosan films, as the solid matrix and hydrophilic nature of chitosan do not yield results
indicative of the antimicrobial characteristics of chitosan.

The chitosan film had a

tendency to curl up and no zones of inhibition were present. It was determined that the
liquid matrix and direct surface contact of the Shake Flask assay was critical in
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identifying effective antimicrobial components. The testing found that a chitosan film in
a Tryptic Soy Broth/Listeria innocua solution exhibited a 2 log CFU/mL reduction after
48 hours in comparison to the control film.
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I
INTRODUCTION
The Center for Disease Control (CDC) estimates that there are approximately 48
million cases of food-borne illness each year, resulting in 128,000 hospitalizations and
3000 deaths. Many of these illnesses are due to outbreaks in packaged foods such as
cheese, poultry, beef, deli meats, lettuce, and other produce (CDC, 2011). Most of the
pathogenic bacteria responsible for the food-borne illnesses derive from animals, but
some of the pathogens, like Listeria monocytogenes (LM), are widely found in nature.
For these naturally occurring pathogens, the main cause of food contamination is the
failure of hygienic practices in the food chain (Lagaron, 2012).

That is, good

manufacturing practices alone may not be sufficient for preventing Listeria outbreaks.
The incorporation of antimicrobial compounds into the packaging is one approach to
preventing or limiting these outbreaks.
Antimicrobial packaging provides an additional safety barrier for bacteria to
overcome after the food processing and supplements the overall food manufacturing
process.

The additional hurdle can be achieved in various ways, but the three most

common delivery systems are: 1) migration or controlled release of the antimicrobial
compound into the head space, (2) starvation of bacteria of essential nutrients via
absorption, or (3) non-migratory direct surface contact (Lagaron, 2012). There are a
number of ions, chemicals, and antimicrobials that have been successfully incorporated
into packages, but the current trend is focused on naturally derived biopolymers, which
was the focus of this research.
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One compound that has gained considerable interest for use in antimicrobial
packaging is chitosan. Chitosan is derived from chitin, a naturally occurring compound
commonly found in shellfish. Chitosan is a popular biopolymer for a number of realworld applications, but it is the antifungal and antibacterial properties that make it an
attractive biopolymer for the food industry (Park, 2010) (Ye, 2008) (Fernandez-Saiz,
2010) (No, 2002). An extensive amount of testing has been conducted on chitosan and
chitosan derivatives, but there are a wide variety of methodologies currently being used
to measure or evaluate the antimicrobial effectiveness of films or antimicrobial
compounds. The various methodologies make it difficult to directly compare results of
tests and the reported effectiveness of antimicrobials varies depending on the assay used
(Joerger, 2007).

This study will test two commonly used screening methods, Film

Overlay and a modified Shake Flask assay, with chitosan films. It is critical that an
appropriate screening method is selected so as to accurately gauge the antimicrobial
effectiveness of chitosan coating onto a film.

Each of the assays possess inherent

advantages and disadvantages and it is important to understand any limitations of the
screening tests, so that effective and successful tests are not erroneously regarded as
ineffective.
Many studies on the interaction between chitosan and Listeria monocytogenes
have been conducted only in laboratory settings (agar or broth) and for a short duration,
typically less than one week (Joerger, 2007). A food challenge study was conducted to
test the antimicrobial effectiveness of a chitosan-coated film against frankfurters
inoculated with LM in a real-world food packaging format. A vacuum-packaged heat-
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sealed pouch was formed using a commercially available film and a common industrial
surface treatment application. It was important that the packaging format be formed
using materials, methods, and applications that are commonly found in the industry. The
antimicrobial properties of chitosan must translate from the laboratory to real-world food
packaging applications to be commercially viable.
Ultimately, the objectives of this work were to compare two commonly used
screening methods for testing the antimicrobial effectiveness of chitosan and relate those
methods to the ultimate challenge of testing it in a food system. In addition, the chitosan
coating method used to produce the films was performed with commercial production
techniques and the food challenge study included storage time (8 weeks) and temperature
abuse conditions.
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II
LITERATURE REVIEW
Packaging – Active and Biopolymers
Packaging can be categorized as serving three primary functions: Protection,
Utility, and Communication. Each of the three primary functions can be further broken
down into more specific Human, Biosphere, and Distribution Environment subsections
(Lockhart, 1997). This is shown in Table 1, but the main functions of food packaging are
to contain a product, protect the food product, and communicate information to the
consumer. The ultimate goal of food packaging is to contain the food in a cost-effective
package that is industry and consumer accepted, maintains food safety, and minimizes the
environmental impact (Marsh, 2007).

One of the primary roles of packaging is

Protection, or Preservation. In food packaging, this can be done by limiting exposure to
the Biospheric environment: gases (oxygen, carbon dioxide), moisture, light (UV,
infrared), microorganisms, insects, rodents, or other such external factors. Additionally,
the package should protect from the physical elements and mechanical damage as well.
Historically, glass, metal, and/or various plastics have served these roles.
Packaging functions and roles can be further described by the term active
packaging. Active packaging is a concept where the package plays a role beyond that of
passively containing the product. The package essentially interacts with the product to
achieve a desired outcome, commonly the prolonging of the food product’s shelf life.
Some of the more common ways that this is achieved is by the introduction of oxygen,
carbon dioxide or ethylene scavengers, which absorb active compounds. Alternatively,
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carbon dioxide or ethylene emitters, which generate active compounds, may be used for
ethylene sensitive foods such as produce.

Table 1. The Packaging Matrix (Lockhart, 1997)
Packaging Functions

Environments

Protection

Utility

Communication
Brand name
Warnings
Directions
Expiration dates
Storage information
Graphics
Material
Shape
Color
Configuration
Texture
Photographs
Text

Human

Tamper evident features
Child resistance features
Easy open designs

Recloseable designs
Easy to open designs
Pre-measured units
Compliance packaging
(dosage packaging)
Talking packages
Material
Shape
Configuration
Texture

Biospheric

Amber color (UV
protection)
UV absorbers (UV
protection)
Water vapor barriers
Oxygen barriers
Oxygen absorbers
Antimicrobial films
Wet strength (corrugated)

Controlled atmosphere
Modified atmosphere
Edible films
Wet strength (corrugated)

Time indicators
Temperature indicators
Pictorials

Physical
(Distribution
Channels)

Cushioning
Shipping containers
Corner posts
Air bags
Adequate compression
strength (withstand
stacking)

Stretch wrap
Shrink wrap
Self-heating packages
Self-cooling packages
Freezer to oven capable
Handles for carrying
Appropriately sized cases

"This side up"
"Fragile"
"Handle with care"
Bar codes
Radio frequency
identification
Pictorials
Accelerometers
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The scavengers/emitters can be introduced into the package via a capsule/sachet
or directly incorporated into the package material itself. Modified atmosphere packaging
(MAP) is an example of active packaging that is commonly seen in the commercial
environment.

Modified atmosphere packages “actively” maintain the internal

environment of the package, thereby increasing the shelf life of the product. This is
achieved by actively gas flushing or applying a compensated vacuum to the interior of the
package, passively through the use of breathable equilibrium films, or the aforementioned
scavengers and emitters. Some other examples of active packaging are edible coatings,
absorbents, and antimicrobial films. In food packaging, these alternatives to traditional
packaging are intended to prolong the shelf life, maintain nutritional and sensory quality,
and/or control microbial contamination.
Edible films can trace their origin to nature as some fruits and vegetables have a
natural protective coating that helps protect them from the environment. One of the
initial adoptions into food packaging was in the 1930’s. Hot melt paraffin wax was used
to reduce the moisture loss of citrus fruits; and later, edible casings were used for meats
and fruits were being dipped or sprayed with edible coatings. Over the years, edible
films have come to be defined as thin edible layers that are applied on foods by spraying,
immersing, wrapping, or brushing (Robertson, 1993). Edible films typically serve a
number of functions: retarding water vapor, gas, and/or lipid migration, retain flavor
compounds, add structural integrity, improve handling properties, or carry food additives
(Kester, 1986). They must be classified as generally recognized as safe (GRAS) by the
Food and Drug Administration (FDA) and must be composed of a film-forming material

16

(Klahorst, 1999). In modern food packaging, edible films serve to coat food surfaces, act
as casings or wraps, separate components, and carry functional components such as
antimicrobials or antioxidants.
Today, synthetic and petroleum based polymers are widely used in many
packaging materials and formats.

However, these packages are not looked upon

favorably in terms of waste disposal and environmentally friendliness. Some increasing
concerns of many consumers are the limited natural resources of our planet,
sustainability, and reducing one’s environmental footprint. This is especially true in
packaging and the increasing desire to reduce packaging waste. It has been estimated
that two-thirds of all total waste, by volume, is due to total packaging waste. It is also
estimated that food packaging accounts for roughly 50%, by weight, of total packaging
sales (Marsh, 2007).

One potential solution, and an area of increased focus, is

biopolymer based packaging and/or edible films.
Biopolymer based packaging is packaging that is sourced from agricultural,
marine, or animal sources. They are derived from four sources: 1) extracted directly from
the natural raw materials, (2) produced by chemical synthesis from bioderived
monomers, (3) produced by microorganisms, or (4) synthesized from other materials
(Cha, 2004). Biopolymer-based packaging has been formed from alginates, agar, soy
protein, chitin/chitosan, corn zein, cellulose and their derivatives and hydroxyl
alkanoates. Some of these listed biopolymers that are derived from agriculture, marine,
or animal sources can be biodegradable, which means they break down into carbon
dioxide and water (Tharanathan, 2003). Table 2 is taken from IFT and shows some of the
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advantages and disadvantages of the more common packaging materials as they relate to
product characteristics/food compatibility, consumer/marketing issues, environmental
issues, and cost.

Table 2. Properties, Environmental Issues, and Cost for Packaging
Materials (Marsh, 2007)
Product characteristics/
food compatibility

Glass

Material

Consumer/marketing
issues

Advantages

Disadvantages

Advantages

Disadvantages

Advantages

Disadvantages

Impermeable to
moisture and
gases

Brittle and breakable

Transparent

Poor portability

Reusable

Heavy and bulky to
transport

Nonreactive
(inert)

Needs a separate
closure

Can be colored
for light-sensitive
products

Relatively difficult
to decorate

Recyclable

Aluminum

Withstands heat
processing

Cost

Low material
cost
Somewhat
costly to
transport

Often contains
recycled content

Impermeable

Cannot be welded

Easy to decorate

Corrosion
resistant

Limited structural
strength

Lightweight

Lightweight

Good portability

Economic
incentive to
recycle

Easy to decorate

Recyclable

Withstands heat
processing
Impermeable

Tinplate

Environmental issues

Potential reactivity
with foods

Limited shapes

Recyclable

Difficult to separate
in laminated form

Relatively
inexpensive

Heavier than
aluminum

Cheaper than
aluminum

Heavier than
aluminum

Cheaper than
tinplate

Films not easily
recyclable

Low cost

Films not easily
recyclable

Relatively
inexpensive

Magnetic –
easily separated

Strong
Corrosion
resistant

Polyesters
(PET)

Polyolefins

Tin-free
steel

Withstands heat
processing
Strong

Difficult to weld

Slight haze,
translucency

Easy to decorate

Recyclable
Magnetic –
easily separated

Corrosion
resistant
Withstands heat
processing
Good moisture
barrier

Poor gas barrier

Lightweight

Recyclable
Incineration High Energy

Strong
Chemical
resistant

Strong

High clarity

Withstands hot
filling

Shatter resistant

Recyclable

Good barrier
properties
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Table 2 (cont’d)

Material

Advantages

Polyvinyl
chloride
(PVC)

Moldable

Polyvinylide
ne chloride
(PVdC)

Product characteristics/
food compatibility

Great barrier
properties

Disadvantages

Consumer/marketing
issues
Advantages

Disadvantages

High clarity

Environmental issues
Advantages

Disadvantages

Recyclable

Contains chlorine

Chemical
resistant

Cost

Inexpensive

Requires separating
from other waste
Maintains product
quality

Recyclable

Contains
chlorine
Requires separating
from other waste

Heat sealable
Withstands hot
filling
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Inexpensive

Antimicrobials
Antimicrobials are natural or synthetic chemicals or compounds that possess the
ability to inhibit, retard, or kill the growth of microorganisms, such as bacteria and fungi.
Antimicrobial agents can be typically classified as having one of two effects when
introduced to a bacteria culture: bacteriostatic or bacteriocidal. Bacteriostatic agents are
ones that only inhibit bacteria growth; whereas bacteriocidal agents kill the bacteria.
Further, the antimicrobial activity of each agent is determined by the minimum inhibitory
concentration (MIC), which is the smallest amount of the agent required to inhibit
microorganism growth (Madigan, 2006).
Bacteria are easily classified based on a simple Gram staining test. Gram staining
is a technique that applies a crystal violet-iodine stain to bacteria, washes the stain off
with acetone, and then stains again with a safranin counterstain. The main difference
between Gram positive and Gram negative bacteria relates to their cellular structure and
how this difference affects the reaction to the Gram staining. A visual representation of
the cellular structure can be seen in Figure 1.
Gram positive bacteria consist of a lipid bilayer cytoplasmic membrane and a
thick peptidoglycan layer for an outer membrane. It does not have a true cellular wall.
Instead, the peptidoglycan layer is approximately 20 to 80 nanometers thick and makes
up 60-90% of the outer wall (Black, 2007). Teichoic acids are also present in the outer
wall, which serve as chelating agents for the bacteria. Teichoic acids present in the outer
wall are also partially responsible for the cell’s negative charge. There is also not a true
periplasmic layer between the peptidoglycan layer and the cytoplasmic membrane. The
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only layer protecting the cell membrane is this thick peptidoglycan layer. This structure
causes the crystal violet-iodine stain from the Gram staining to be retained in the thicker
peptidoglycan wall. Thus, when the bacteria are washed and the counterstain is applied,
the crystal violet-iodine stain prevents the pink safranin counterstain from being retained.
The result is that the Gram positive bacteria will appear purplish in color after staining.
On the other hand, Gram negative bacteria have a thinner cellular wall, but it
contains a larger variety of components. The cell wall consists of only 10 to 20%
peptidoglycan with the remainder made up of polysaccharides, proteins, and lipids. This
outer cellular wall also contains porins, which are proteins that cross a cellular membrane
and are big enough to allow passive diffusion for specific molecules. Contrary to the
Gram positive bacteria, there are no teichoic acids present. Internally, the Gram negative
bacteria have two periplasmic spaces surrounding a thin peptidoglycan layer. Toxins and
enzymes that reside in the periplasmic space help protect the bacteria from harmful
external components (Black, 2007). Lastly, the Gram negative bacteria also possess a
lipid bilayer cytoplasmic membrane. During Gram staining, the initial crystal violetiodine stain has nothing to bind to in the cellular wall and is washed away after rinsing.
The pink counterstain is then able to bind to the bacteria and will appear pink after
application. Table 3 outlines some of the key differences between Gram positive and
Gram negative bacteria.
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Figure 1. Illustration of Gram Positive and Negative Bacteria Cell
ell Wall Structure

Table 3. Comparison of Gram Positive and Gram Negative Bacteria
Gram Negative
Gram Positive
Gram staining result

Red or pink

Purple

Cytoplasmic
membrane

Lipid bilayer

Lipid bilayer

Internal layers

Two periplasmic spaces
surrounding a thin
peptidoglycan layer

One periplasmic space

Outer membrane

True cellular wall
10-20% peptidoglycan
Lipopolysaccharide (LPS)
Phospholipids
Porins

Not a true cellular wall
60-90%
90% peptidoglycan
Teichoic acids
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Antimicrobial Films
Antimicrobial films are a subcategory of active packaging and are focused on the
protection from the biospheric environment. They are designed to reduce, inhibit, or
retard the growth of spoilage microorganisms or pathogens in the food product and in
turn, improve shelf life. Antimicrobial films are meant only to add additional safety and
quality measures and are not meant to replace good manufacturing practices already in
place. In some cases, they also allow for the gradual release of antimicrobial compounds,
therefore making them an effective alternative to dipping or spraying in some
applications. Antimicrobial films can be classified in two basic categories, relating to
how the antimicrobial agent is incorporated into the package. The agent can either be
directly incorporated into the film or the antimicrobial agent can be incorporated in the
form of a coating on a material that acts as a carrier (Cooksey, 2001).
It is generally imperative that the package has direct contact with the food product
for the antimicrobial film to be effective. One alternative to this would be an indirect
application where the antimicrobial agent “diffuses” or migrates out of the film structure
and into the food product. However, this indirect method is classified as an indirect food
additive and it would be necessary to quantify this migration in order to effectively
control microorganism growth. Furthermore, this indirect food additive would have to be
approved by the US FDA. Usually, these antimicrobial compounds are incorporated into
a film matrix that is broken down in an aqueous environment, thus releasing the
antimicrobial.

Some common films used for this purpose include cellulose-based

polysaccharides (cellulose, chitosan, alginoates) and protein isolates (whey, soy, corn).
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Lastly, the antimicrobial agent can also be macro-molecules that have their own filmforming properties (Cooksey, 2001).
Nisin is one antimicrobial that has demonstrated good antimicrobial properties
against Gram positive bacteria. Nisin is a bacteriocin and is a Generally Recognized as
Safe (GRAS) compound that has been successfully coated onto films while maintaining
antimicrobial properties.

One study used a methyl cellulose/hydroxypropyl methyl

cellulose matrix to act as a carrier for nisin. Nisin was added to a 70/30% MC/HPMC
solution and then coated onto Low Density Polyethylene (LDPE) films. This coating was
found to effectively inhibit Listeria monocytogenes in a variety of mediums. A modified
Spot on Lawn assay demonstrated antimicrobial effectiveness on both Tryptic Soy Agar
(TSA) and modified Oxford (MOX) agars. The same study then demonstrated similar
antimicrobial properties on packaged hot dogs. Films that contained 7,500 and 10,000
IU/mL of nisin effectively inhibited Listeria monocytogenes growth for a period of 60
days at refrigerated temperatures. Decreased concentrations of nisin (156 and 2,500
IU/mL) were effective for shorter periods of time (Franklin, 2004).
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Chitosan
Chitosan is derived from one of the most abundant compounds in nature, chitin.
Chitin can be found primarily in crustaceans and insect exoskeletons and can be readily
found as waste product from the shrimp industry. It is also possible to find chitosan
present in the cell walls of various fungi (Wu, 2005). Chitin was discovered in 1811 by a
French natural history professor by the name of Henry Braconnot. He discovered the
compound while working with reactions carried out on raw fungal material.

The

discovery was made while boiling the fungal material in dilute potassium hydroxide. He
also later produced chitosan but was unable to characterize the chemical change between
the compounds (Muzzarelli, 2002). Braconnot is credited only with discovering the
compounds, not naming them. In 1823, it was a scientist named Odier who came up with
the name chitin, deriving it from the Greek word tunic. Later in 1859, another scientist,
Roughet, published his findings that that modified chitosan could be produced from
chitin. He also noted that the modified chitosan was soluble in organic acids. Roughet is
credited as being the first to discover chitosan. It wasn’t until 1894 that a scientist named
Hoppe-Seyler renamed modified chitin as chitosan (Winterow, 1995).
The first research of chitosan was focused on the isolation of chitin from
sources, preparation of chitin and chitosan derivatives, and producing chitosan films,
emulsions, and filaments (Winterow, 1995). An US patent was granted to George W.
Rigby in 1934 for making film from chitosan. He was also later granted a patent that
same year for making fibers from chitosan (Rigby, 1934).
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Chemical Structure
Chitin and chitosan are similar in their chemical structure, as they both consist of
a glycosidic backbone connected by β−(1-4) glycosidic bonds. The main difference is
the presence of an N-acetyl group attached at the C2 location in chitin. After processing,
this N-acetyl group becomes an NH2 amino group in chitosan. The acetamide group
becomes deacetylated. Figure 2 shows the chemical structure of the two compounds and
the main difference between them. The blue highlighted group of the chitin structure is
acetamide (NHCOCH3) and the red highlighted groups of the chitosan are the amino
groups (NH2). The repeating units of the chitosan backbone are glucosamine and Nacetylated glucosamine (2-acetylamino-2-deoxy-D-glucopyranose).

Figure 2. Chemical Structures of Chitin and Chitosan
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The amount of N-acetyl present can be identified using Fourier Transform
Infrared (FTIR) technology and based on a calculation developed by (Baxter, 1992),
illustrated below in Equation 1. The strength of the amide-I band (1655 cm-1) is divided
by the intensity of the O-H band (3450 cm-1) and multiplied by 115.
%   



1655
  115
3450

Equation 1. N-acetylation Calculation

Derivation
There are various methods to deacetylate the chitin in the preparation of chitosan,
but the process always starts with the chitin source. As mentioned, chitin can be found
from a variety of sources, but the most common source is from crustacean shells. The
typical composition of shells is 20-30% chitin, 30-40% protein, and 30-50% inorganic
salts. The first step is to deproteinize the source. This is normally done by using a
diluted solution of NaOH, which is capable of dissolving the protein. This occurs at
temperatures ranging from 65-100 °C (No, 1995).

Demineralization follows the

deproteinization step and is achieved by removing organic salts, calcium carbonate, and
calcium phosphate with diluted HCl acid.

This is performed at or below ambient

temperatures for 2-3 hours (Wiles, 2000). The deproteinization and demineralization
steps yield chitin, which can then be further processed by treating with 40-50% NaOH at
elevated temperatures. This last step deacetylates the chitin and yields the derivative
chitosan.
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Figure 3.. Flowchart of Chitin to Chitosan Processing
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Antimicrobial Properties
There have been numerous studies and research conducted that have shown the
various interactions and antimicrobial properties of chitosan and microorganisms. A
review by Kong et al. (2010) identified four basic factors that affect chitosan’s
antimicrobial properties: 1) microbial factors, (2) intrinsic factors of chitosan, (3)
physical state of chitosan, and (4) environmental factors (Kong, 2010). A summary of
this and the specific subgroups of the four basic factors are shown in Table 4.

Table 4. Factors Affecting Chitosan's Antimicrobial Effectiveness
Environmental
Microbial
Intrinsic Factors of
Physical State
Factors
Chitosan
Factors
Microbial
species

Positive charge density

Antimicrobial
activity in
soluble state

pH

Cell age

Molecular weight (mw)

Antimicrobial
activity in
stable state

Ionic strength

Hydrophobic/hydrophilic
characteristics

Temperature and
time

Chelating capacity
Chitosan source

Chitosan is effective at inhibiting a wide variety of microbial species, which is
one of the primary reasons it is such an intriguing and attractive biopolymer. Chitosan
has been shown to possess antibacterial properties against both Gram positive and Gram
negative bacteria, as well as antifungal properties. Chitosan is generally more effective
against Gram positive bacteria than Gram negative bacteria.

In 2002, No et al.

demonstrated this when they studied the antibacterial effects of a 0.1% chitosan solution
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against four Gram negative (Escherichia coli, Pseudomonas fluorescens, Salmonella
typhimurium, and Vibrio parahaemolyticus) and seven Gram positive bacteria (Listeria
monocytogenes, Bacillus megaterium, B. cereus, Staphylococcus aureus, Lactobacillus
plantarum, L. brevis, and L. bulgaricus) in an inoculated broth solution. Their results
showed that the chitosan had varying effects on the bacteria.

The chitosan had

bactericidal properties against the Gram positive bacteria: L. monocytogenes, two strains
of Bacillus (megaterium, cereus), Staphylococcus aureus, and the three strains of
Lactobacillus (plantarum, brevis, bulgaricus) (No, 2002). In comparison, No et al. found
that the chitosan was only capable of inhibiting additional growth in three of the Gram
negative

bacteria:

Escherichia

coli,

Pseudomonas

fluorescens,

and

Vibrio

parahaemolyticus. The chitosan was not effective against Salmonella typhimurium. At
various molecular weights, the chitosan possessed bacteriocidal properties against 6 of
the 7 Gram positive bacteria. In comparison, the chitosan was only bacteriostatic for 3
of the 4 Gram negative bacteria. They tested the antimicrobial effectiveness by adding
the chitosan solutions to an inoculated broth and enumerating the bacteria population
(liquid-liquid matrix). For this study, the chitosan possessed a greater antimicrobial
effect against Gram positive than Gram negative bacteria (No, 2002).
There has also been research into improving the inherent antimicrobial properties
of chitosan by incorporating other antimicrobials. Ye et al. compared the antilisterial
effects of an unmodified chitosan film and chitosan films incorporated with one of five
GRAS antimicrobials: nisin, sodium lactate, sodium diacetate, potassium sorbate, and
sodium benzoate. They screened the antimicrobials using a Shake Flask Assay where the
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film disks were placed into an inoculated TSB and agitated. Each of the five GRASincorporated components improved the antibacterial properties of 2% chitosan (Ye,
2008).
Su-Il Park (2010) studied chitosan-LDPE films and their effect on three bacteria:
Listeria monocytogenes, Salmonella enteritidis, and E. coli. Chitosan concentrations of
0%, 0.3%, 0.7%, 1.4%, and 2.1% were prepared by mixing chitosan with LDPE powder
to yield chitosan-LDPE films. These films were then tested against the bacteria by
adding 20mL of inoculated bacteria solution onto the films (solid-liquid matrix) and
agitating.

They found that higher chitosan concentrations were better at inhibiting

growth for each of the bacteria. The 0.7%, 1.4%, and 2.1% chitosan concentrations were
able to completely inhibit the growth of L. monocytogenes after 48 hours. For E. coli,
only the 1.4% and 2.1% concentrations were able to completely inhibit growth. The
other concentrations were initially effective, but the bacteria were able to overcome the
chitosan and the results were no different than control films by the end of the experiment.
S. enteritidis results were similar to E. coli, except the 0.7% concentration maintained an
approximately 5 log CFU/mL reduction versus the control.
The molecular weight of chitosan is another factor in the antimicrobial
effectiveness of chitosan, although research indicates there’s not a direct correlation
between MW and antibacterial properties. Molecular weight refers to the atomic mass of
the repeating unit multiplied by the degree of polymerization. For chitosan, the atomic
mass of the repeating unit (C6O4H11N) is 161.1 g/mol or Daltons (Da).

For

commercialized chitosan, the typical weight ranges from 100 to 1200 KDa (Campbell,
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2003). It appears from studies that generally a higher MW is more effective at inhibiting
Gram positive bacteria whereas a lower MW chitosan is more effective against Gram
negative bacteria (Zheng, 2003) (Jeon, 2001) (No, 2002). Zheng (2003) studied the
effect of five different molecular weights (< 5, 48.5, 72.5, 129, and 165.7 KDa) on S.
aureus and E. coli using a liquid-liquid assay. They agitated a chitosan solution with the
inoculated bacteria solution and found that as the molecular weight of the chitosan
decreased, the inhibition on E. coli growth increased. This was in contrast to the S.
aureus, where the higher molecular weight chitosan demonstrated the greater inhibiting
characteristics.
Another study was conducted on chitosan oligosaccharides of varying molecular
weights and their effects on multiple bacteria (Jeon, 2001).

They prepared

chitooligosaccharides with 1, 5, and 10 KDa molecular weights and a typical chitosan
with 685,000 molecular weight. They then tested these three variables against four Gram
negative bacteria, five Gram positive bacteria, and four lactic acid bacteria. They tested
antimicrobial effectiveness by adding a chitosan and bacteria solution together in a flask
and agitating (liquid-liquid matrix). They found that the lowest molecular weight was
capable of inhibiting bacteria growth, but the effectiveness of the chitooligosaccharides
increased as the molecular weight increased. They also found that while the 10 KDa
molecular weight chitooligosaccharide was effective, the normal chitosan was most
effective.
No (2002) also showed that antimicrobial effectiveness largely depended on
chitosan molecular weight. They prepared chitosan with 28, 224, 470, 746, 1106, and
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1671 KDa molecular weights and chitosan oligomers with 1, 2, 4, 7, 10, and 22 KDa
molecular weights.

They found that the 746 KDa chitosan was most effective at

inhibiting the growth of E. coli and P. fluorescens. The 470 KDa chitosan was most
effective against S. typhimurium and V. parahaemolyticus. Whereas the antibacterial
properties against Gram negative bacteria were specific for certain molecular weights, the
chitosan was effective against Gram positive bacteria for a larger range of molecular
weights (No, 2002). Utilizing a chitosan solution-bacteria solution assay, their research
also indicated a strong correlation between lower molecular weight chitosan and
increasing antibacterial effects against Gram negative bacteria.
An increase in percent deacetylation (DA) has also been shown to directly
influence the antimicrobial effectiveness of chitosan. An increase in the percent DA
correlates to an increase in the number of amine groups, therefore yielding a higher
polycationic density and increased positive charge around the polymer chain.

An

increase in polycationic density yields better antimicrobial properties, but only up to a
certain percent.

A study was conducted on the effects that percent DA and viscosity

would have on chitosan’s antimicrobial effectiveness on Listeria monocytogenes.
Chitosan solutions were prepared using 80, 85, and 90% DA chitosan and low or high
viscosity. The study found that the 80, 85, and 90% DA chitosan and both viscosities all
effectively inhibited Listeria monocytogenes growth on TSA and MOX agar. In this
study, a Spot on Lawn assay was used where the chitosan solutions (liquid) were added to
an inoculated agar field (solid). All chitosan solutions effectively inhibited Listeria
monocytogenes growth.

Campbell also produced films using the same chitosan
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concentrations, but found antimicrobial testing was difficult due to film curling when
using a Film on Lawn assay (Campbell, 2003).
The antimicrobial effects of chitosan also appear to be related to the pH of
chitosan solution. At pH levels below 6, the chitosan amino groups possess a positive
charge that is capable of readily interacting with the negatively charged cellular walls.
The lower the pH, the more acidic the solution is and the more amino groups that are
protonated. Studies have supported that lower pH correlates with increased antimicrobial
activity (No, 2002); Roller (1999) and Sudharshan (1992) found that the effectiveness of
chitosan was reduced when the pH reached a level of 7. As will be described in the next
section, the ionic relationship between chitosan and bacteria appears to be the basis for
chitosan’s antimicrobial properties.
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Antimicrobial Mechanisms
The exact antimicrobial mechanisms of chitosan are still being researched and are
dependent on the microorganism, but it is likely that chitosan’s effectiveness is due to the
positively charged amino groups attached to the molecular backbone. In bacteria, it is
believed these amino groups affect the cellular membrane of bacteria, causing lysis
(intracellular leakage) or otherwise altering the permeability of the membrane. The
polycationic chitosan structure interacts with the lipopolysaccharides and proteins found
in the bacteria cell walls. This interaction results in a change in the barrier permeability
and intracellular components leak out while essential nutrients are prevented from
entering the cell (Tharanathan, 2003). While chitosan is effective against both Gram
negative and Gram positive bacteria, it may be possible that the antimicrobial mechanism
is different. After exposing chitosan to both Gram negative and Gram positive bacteria,
Liu found that chitosan affected the cellular membranes of both bacteria types. Through
electron microscopy, they found that chitosan-treated E. coli had altered outer
membranes with an extra “tooth-like” feature. Additionally, they found that the inner
membrane appeared unaffected. This is similar to the finding obtained by Helander
(2001). In the Gram positive bacteria, S. aureus, the chitosan treatment only affected
bacteria cells that were actively dividing. Liu concluded this indicated that chitosan did
not have any effect on Gram positive cell membranes that were not actively dividing.
They also found that the amount of cell membrane damage increased with higher
chitosan concentration (Liu, 2004).
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Zheng (2003) found that the antimicrobial effect against Gram positive bacteria
(S. aureus) improved as the chitosan molecular weight increased, while a decreased
molecular weight proved more effective against Gram negative (E. coli).

They

hypothesized that the chitosan acted on the Gram positive bacteria by forming a polymer
membrane on the surface of the cell, thereby preventing nutrients from entering the cell.
The E. coli was inhibited by the lower molecular weight chitosan entering into the
cellular wall, interacting with the electronegative lipopolysaccharides, and disturbing the
metabolism of the cell (Zheng, 2003).
Tao tested the effects of chitosan against a Gram positive (S. aureus) and Gram
negative (Pseudomonas aeruginosa). They reported that the chitosan had a greater effect
on the cellular membrane permeability of the S. aureus bacteria than the P. aeruginosa,
based on changes in the electrical conductivity of the cell suspension. Their research also
indicated that the chitosan resulted in a larger release of certain enzymes located in the
extracellular space and the cell membrane of the S. aureus, compared to the P.
aeruginosa. Although the chitosan had a greater effect on the Gram positive bacteria,
they ultimately concluded that the antibacterial mechanism was similar and that the
chitosan increased the membrane permeability and resulted in the leakage of cell contents
(enzymes, nucleotides, proteins, and ions) (Tao, 2011).
Helander (2001) tested the effects of chitosan on the cellular walls of Gram
negative E. coli and Salmonella bacteria. They found that the chitosan caused extensive
changes to the cellular wall and resulted in a highly cavitated surface. It appeared that
the ability of the chitosan to surround and cover the outer membrane improved with
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increased chitosan concentration. Their testing found that the chitosan did not cause the
release of membrane lipids or lipopolysaccharides, but concluded that it was the binding
of the chitosan to the outer membrane that resulted in the loss of barrier functions
(Helander, 2001).

Mechanical Properties
Chitosan generally has mechanical properties that are representative of a brittle
material. Chitosan is often compared to petroleum-based films such as low and high
density polyethylene (LDPE and HDPE). However, the behaviors of these petroleumbased films are ductile; and as such, a direct comparison of the values is misleading with
regards to their performance.

Table 5. Typical Mechanical Properties of Chitosan and Synthetic Films
Films
Tensile Strength (MPa)
Elongation %
Chitosan

19-35

17.5-76

Low density
polyethylene (LDPE)

13

500

High density
polyethylene (HDPE)

26

300

PVdC

48.4-148

20-40

PET

175

70-100

Oriented polystyrene
72
(OPS)
Data from Caner (1997) and Anker (1996).

20

It is possible to add plasticizers that will improve some of the mechanical
properties of chitosan. Polyethylene glycol (PEG) has been shown in studies to improve
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the percent elongation (Caner, 1997), but in doing so, reduces the tensile strength and
water vapor transmission rate (WVTR) of the film. Glycerol has also been used as a
plasticizer in order to improve mechanical properties. When glycerol is added, the
elongation and WVTR increase while the tensile strength and oxygen transmission rate
(OTR) decrease. Generally, in the presence of a plasticizer, the percent elongation is
improved at the expense of tensile strength in the biopolymer (Caner, 1997). It appears
that improvement of one mechanical property comes from a sacrifice in performance
from another property.

Much like polymers, chitosan films can be appropriately

modified to fit individual applications.
In addition to plasticizers, research has been conducted on the mechanical
properties of chitosan when cross-linked with other compounds. One such study induced
cross-linking in chitosan when layered with nano-sized clay minerals. The chitosan films
varied from 61 to 70 microns thick and the tensile strength ranged from 33 to 38 MPa and
elongation was 39 to 66% for the chitosan nanocomposites (Rhim, 2006). Another study
looked at the comparison of mechanical properties when cross-linking chitosan with
methyl cellulose at varying ratios. The prepared films consisting of the following ratio:
100% MC, 75/25%, 50/50%, 25/75%, and 100% chitosan. They found that tensile
strength and elastic modulus increased with chitosan concentration. This indicated that
the addition of chitosan to the structure seemed to impart rigid characteristics to the film
(Pinotti, 2007).
A study performed on chitosan-LDPE films found that the addition of increasing
chitosan concentrations decreased the mechanical properties of the film. Park (2010)
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tested 0%, 0.3%, 0.7%, 1.4%, and 2.1% concentrations of chitosan incorporated into
LDPE films. They found that tensile strength decreased slightly with increasing chitosan
concentration: 10.14 MPa (LDPE film) to 9.16 MPa (2.1% chitosan). Additionally, the
elongation decreased as well: 465.96% (LDPE film) to 60.33% (2.1% chitosan), which is
as expected with ductile and brittle materials, respectively.
Depending upon processing, the thermal properties of chitosan are similar to those
of cellulose. Chitosan does not melt, but instead degrades at elevated temperatures. It
experiences thermal degradation around 280-300°C (Choong, 2007).

Barrier Properties
As is typical in any food packaging, the appropriate barrier properties must be
provided and is essential for protecting the product.

Water vapor, oxygen, carbon

dioxide, and ethylene are the most common gases that packaging science aims to either
prevent or allow permeation. For many food packaging applications, a good barrier
limiting the oxygen and water vapor permeability is desired to increase shelf life.
Chitosan is a mostly amphiphilic compound, meaning it is both a hydrophilic (waterloving) and a lipophilic (fat-loving) compound. The hydrophilic aspect means it is highly
reactive with water and is readily solubilized in water. Water is absorbed into the
chitosan matrix which results in a non-Fickian behavior and as such, the permeation of
water vapor through chitosan is highly complex. However, research has shown that the
diffusion and permeability of water vapor in chitosan increases with increased relative
humidity (Wiles, 2000). This high water vapor permeability limits the food packaging
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applications of chitosan to food products that are not affected by water vapor or where
high water vapor permeability is desired.
Chitosan possesses a relatively good oxygen barrier, but a relatively poor
moisture barrier when compared to other petroleum based polymers. At low relative
humidity (RH), chitosan has an oxygen barrier comparable with EVOH, which is used
exclusively as a barrier layer. However, at high RH, the increase in moisture acts as a
plasticizer and decreases the oxygen barrier of chitosan. The water vapor permeation rate
(WVPR) for chitosan film has been reported as ranging from 2.10 – 5.2 x 104 g

.

mil/100in2 . day . atm. This is better than other biopolymers, but it is high when compared
to other petroleum based polymers, such as LDPE and HDPE. The oxygen permeation
rate (OPR) for chitosan film with plasticizer has been reported as ranging from 15-744 cc
.

mil/100in2 . day . atm (Caner, 1997). For comparison, reference Table 6 some of the

common water vapor and oxygen permeation rates for materials widely used in the
packaging industry.
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Table 6. Typical Permeation Rates of Packaging Materials
WVPR (g*mil/ 100in2/ OPR (cc*mil/ 100in2/
24hrs)
24hrs *atm)
Material
38°°C / 90% R.H.
23°°C / 0% R.H.
Biaxially Oriented
Polypropylene (BOPP)

0.3-0.4

110-150

High Density
Polyethylene (HDPE)

0.3-0.65

30-250

Polypropylene (PP)

0.69

110

Low Density
Polyethylene (LDPE)

1.2

250-840

Biaxially Oriented
Polyester (PET)

1.2-1.3

2.3-5

PVdC

.05-.3

.08-1.7

Polystyrene

5-8.5

100-200

Biaxially Oriented
Nylon 6

10.2

1.78

0 – 1.4% ChitosanLDPE 1
2.1% Chitosan-LDPE

0.5-1.3
6.4

431-445

Chitosan with
-Plasticizers 2
1 – Park, 2010
2 – Caner, 1997; WVPR data not available

15-744

The aforementioned Park study also looked at the permeability of chitosan when
incorporated into LDPE films. They found that oxygen and water vapor permeability of
the chitosan-LDPE films were not statistically different than the LDPE only films. The
only exception was the 2.1% chitosan WVPR, which was 12 times higher than the control
(Park, 2010).
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Chitosan Applications
Chitosan, as a biopolymer, has wide-ranging properties and characteristics that
make it useful in a number of applications over a variety of fields. It is extremely
versatile, and is either being currently used, or is being researched for potential
applications n a number of fields. Some of these fields are biotechnology, material
science, drugs and pharmaceuticals, food and nutrition, agriculture and environmental
protection, and gene therapy. Listed in Table 7, Shahidi (1999) reviewed and outlined
many applications for chitosan and examples of how chitosan is used in those areas.
One of the more common current commercial uses for chitosan is water
purification, as the high sorption capacity of chitosan allows it to be utilized for this
work. Specifically, the positive charge of the amine group in chitosan forms covalent
bonds with metal ions. These amine groups are capable of bonding with metals such as
lead, cadmium, copper, and vanadium. Removal of these and other metals help purify
water and render it potable. The use of chitosan for water purification has been approved
by the United States Environmental Protection Agency (EPA) up to a certain level. In
addition to metal ions, chitosan is also used to function as a coagulant for removing waste
proteins from wastewater.

It has been shown that chitosan can effectively reduce the

amount of suspended solids in certain processing systems by coagulating with the waste
proteins (Bough, 1976).
In the food packaging industry, chitosan has been used successfully as food wraps
for fruit. The film-forming capability and semipermeable nature of chitosan allows for a
delay in the ripening in the fruits. The semipermeable nature also enables chitosan films
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to effectively modify the internal atmosphere and provide antimicrobial properties against
fungi and other bacteria found in fruit.

Table 7. List of Potential Chitosan Applications (Shahidi, 1999)
Area of Application
Examples
Antimicrobial Agent

- Bactericidal
- Fungicidal

Edible Film Industry

- Controlled moisture transfer between food and
surrounding environment
- Controlled release of antimicrobial substances
- Controlled release of antioxidants
- Controlled release of nutrients, flavors, and drugs
- Reduction of oxygen partial pressure
- Controlled rate of respiration
- Temperature control
- Controlled enzymatic browning in fruits
- Reverse osmosis membranes

Additive

- Clarification and deacidification of fruits and
beverages
- Natural flavor extender
- Texture controlling agent
- Thickening and stabilizing agent
- Color stabilization

Nutritional Quality

- Dietary fiber
- Hypocholesterolemic effect
- Livestock and fish feed additive
- Reduction of lipid absorption
- Production of single cell protein
- Antigastritis agent
- Infant feed ingredient

Recovery of Solid Materials from
Food Processing Wastes

- Affinity flocculation
- Fractionation of agar

Purification of Water

- Recover of metal ions, pesticides, phenols, and PCB’s
- Removal of dyes

Other Applications

- Enzyme immobilization
- Encapsulation of nutraceuticals
- Chromatography
- Analytical reagents
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Chitosan is also commonly found in medical and pharmaceutical fields. Chitosan,
as a biopolymer, is non-toxic to humans and has noted anti-tumor properties and
immuno-enhancing effects. Chitosan has also been used in wound dressings and prevents
tissue adhesion in internal surgery. Ideally, these internal dressings would bioerode and
be reabsorbed into the body when their purpose is complete. Grafted chitosan has filled
this niche. Additionally, taking advantage of the non-toxicity, it has been used in sutures
for patients.

Listeria monocytogenes
Named after Joseph Lister, the ‘father of modern antisepsis’, Listeria
monocytogenes was first identified independently in the late 1920’s by two separate
researchers. Biologically, L. monocytogenes is a Gram-positive rod-shaped bacterium.
In nature, L. monocytogenes can be found in soil and stream water, which can then
contaminate both vegetables and animals. In the food packaging environment, it has
been seen in raw meats, pasteurized milk, cheeses, other dairy products, poultry, and raw
fish.
As a food-borne pathogen, L. monocytogenes is capable of entering the body via
the gastrointestinal tract after ingestion, where it causes an infection called listeriosis.
The bacterium possesses many properties and characteristics that optimize it as a foodborne pathogen. It is resistant to higher acidic and salt concentrations, and can grow in
temperatures ranging from near freezing to 47°C. It is also capable of proliferating at
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refrigeration temperatures, meaning that the bacteria levels can actually increase while in
the distribution environment and even once in the consumer’s possession. Compounding
the risk is that the bacteria can reproduce and proliferate once inside the human body.
The bacteria can produce a biofilm that allows it to survive for extended periods of time
in food production plants.
Listeria is also a facultative anaerobic bacteria, which means that it possesses
aerobic and anaerobic properties. That is, it is capable of growing either in the presence
or absence of oxygen. All of this means that Listeria can readily survive and grow in
conditions normally used to prevent the spread of such bacteria (Swaminathan, 2007).
The microorganism is commonly found in the environment, including food processing,
distribution and retail environments, and at the home. This widespread presence, in
combination with the facts that it grows slowly in refrigerated foods, is more resistant to
typical bacteria prevention conditions and treatments, and affects the people with
susceptible immune systems, makes the control of Listeria a unique challenge (FDA,
2003).

Generally, only the immuno-suppressed population is at risk of contracting

listeriosis from eating foods with the bacteria.

The immuno-suppressed population

consists of pregnant women and their fetuses, new born infants, adults over 50, and adults
with a weakened immune system. Additionally, diabetes mellitus, alcoholism, liver,
renal, and autoimmune diseases have also been identified as risk factors that can lead to
listeriosis (Swaminathan, 2007). The majority of life-threatening listeriosis cases occur
as maternofetal or neonatal listeriosis, blood stream infection, or meningoencephalitis.
According to the Center for Disease Control, there are an estimated 2500 cases per year
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and 500 fatalities due to listeriosis; a 20% fatality rate (CDC, 2011). Symptoms of
listeriosis are similar to influenza and include vomiting, muscle ache, and fever.
Currently, the most common treatments for listeriosis in contracted patients are penicillin,
ampicillin, and/or an aminoglycoside.

Ready To Eat Foods
There is a continuously growing concern about the presence of harmful bacteria
on Ready To Eat (RTE) foods, particularly meats. RTE foods are foods that may be
eaten without further preparation by the consumer, particularly without any additional
cooking (FDA, 2003). RTE meats – notably frankfurters (hot dogs) and deli meats – are
a specific subset of RTE foods and are of particular concern. These meats are often
ingested by the consumer without further heating or processing. This opens up the
possibility of a listeriosis infection due to contaminated meat product. It is possible for
Listeria monocytogenes to contaminate the meats at low levels after processing or during
packaging, and then multiplying to unsafe levels by the time the contaminated food
reaches the consumer. As such, there have been a number of outbreaks worldwide due to
listeriosis in RTE meats, posing a high risk to the consumer. Based on these heightened
concerns of RTE foods and the characteristics of the bacteria, the FDA and FSIS
maintain a zero-tolerance policy for Listeria monocytogenes.
Unheated frankfurters are classified as the 2nd highest risk on a per serving basis
for cases of listeriosis in the United States. Unheated frankfurters are also listed as the 4th
highest risk on a per annum basis (FDA, 2003). It has been estimated that approximately
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30.5 listeriosis cases per year are from unheated frankfurters. As seen in Table 8, there
have been numerous food outbreaks and recalls attributable to Listeria monocytogenes.
In fact, Listeria present in RTE foods has been responsible for three of the top five
product recalls in the United States (Sofos, 2008). In 1998 and 1999, there was a
significant listeriosis outbreak in frankfurters in the United States.

The Center for

Disease Control (CDC) traced the cause back to an opened and unopened package of hot
dogs in the company’s plant. Across 22 states, there were 21 fatalities and 100 diagnosed
cases related to this outbreak (CDC, 1999).

Table 8. Selected Listeria Outbreaks in the Past 15 Years
Year of
# of
# of
# of Cases
Outbreak
Deaths
Miscarriages
15

6

Vehicle

1998

101

1998

4

Frankfurters

1999

11

Pate

1999

5

Deli meat

1999

4

Frankfurters

2000

30

4

3

Deli Turkey

2000

12

0

5

Cheese

2002

54

8

3

Deli Turkey

2005

12

0

-

Cheese

2005

13

1

-

Deli meat

2011

147

33

1

Cantaloupe

2012

22

4

1

Cheese
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Processed meats

In 2002, there was another listeriosis outbreak in RTE meats, this time in deli
turkey meats. In the Northeast United States, there were eight deaths, three stillbirths,
and 54 cases associated with this outbreak. Additionally, the manufacturer recalled 27
million pounds of meat and shut down the plant for 6 months (CDC, 2002).
The incident rate of listeriosis in RTE meats has dropped in recent years,
presumably due to increased federal regulations related to the processing of these foods.
Despite the reduced and limited number of outbreaks, Listeria is still one of the leading
causes of food-borne related deaths. Listeriosis is the 3rd most common cause of foodborne related deaths in the US (CDC, 2011) and caused the 2nd most food-borne related
deaths in the European Union in 2006 (EFSA, 2007).
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III
MATERIALS AND METHODS
Preparation of Chitosan Solution
The chitosan used for this research was dry, odorless, and 84% deacetylated
(Dungeness Environmental, Bothell, WA). A 1% (v/v) acetic acid solution was first
prepared by mixing 3.0 mL of glacial acetic acid with 297 mL of distilled water in an
Erlenmeyer flask. A 1.5% (w/v) chitosan solution was prepared by slowly adding 4.5
grams of chitosan to the 1% acetic acid solution. The Erlenmeyer flask containing the
solution was placed on a hot plate set to approximately 80°F and continuously stirred
with a magnetic stir bar. The elevated temperature was necessary to aid in the mixing
process while keeping below the boiling point to reduce any evaporation.

Once

dissolved, the mixture was vacuum filtered through a 90 mm Pyrex Bucher funnel with
perforated plate and 8 layers of cheesecloth. The solid filtrate was disposed of with the
cheesecloth. The filtered solution was also degassed using an aspirator to remove any air
bubbles. After filtration, the solution was again placed on the hot plate and stirred while
adding 3.1 mL of glycerol that would act as a plasticizer.

Preparation of Chitosan Film
A 1.5% (w/v) solution was prepared by adding 4.5g of chitosan to a 1% (v/v)
acetic acid solution. A 300ml amount of the 1.5% chitosan solution was then cast onto a
glass plate with 12 x 12 inch borders. This was allowed to dry at ambient conditions for
approximately 48 hours. The film was then cut into 8 mm disks using a punch. Three
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disks were taken from each square film to be tested in triplicate. Figure 4 shows a
photograph of the film after it was removed from the glass plate. The chitosan film had a
very slight yellow tint, but was clear and did not have any bubble formation.

Figure 4. Photograph of the Chitosan Film After Drying

Preparation of Listeria spp. Cultures
Listeria innocua (LI) (ATCC 33090) and Listeria monocytogenes (LM) (ATCC
15313) were the two bacteria strains used for the study. LI was used in the preliminary
assay testing as an indicator of the behavior of LM. LM was used to inoculate the hot
dogs to more accurately simulate a food-borne outbreak in RTE meats. The preparation
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process was the same for both bacteria. The cultures were stored in a freezer at -70 °C in
a Brain Heart Infusion (BHI) (Thermo Fisher Scientific, Waltham, MA) broth with 20%
glycerol. The frozen samples were thawed at ambient room temperature and 0.1 ml was
then transferred to a test tube with 10 ml of BHI broth. The sample was vortexed with a
Buchler Instruments Reax 2000 vortex (Labconco Corporation, Kansas City, MO) for 2-3
seconds to resuspend the culture. The BHI broth with bacteria was then placed in an
orbital shaking water bath at 37 °C for 24 hours. An additional working stock was
simultaneously created and stored at 4 °C for up to 2 weeks. The process to re-animate
the bacteria from this stock was the same as described for the -70 °C stock.
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Film Overlay Assay (Semi-Solid Media)
Petri dishes containing Tryptic Soy Agar (Thermo Fisher Scientific, Waltham,
MA) inoculated with Listeria innocua (TSA/LI) were prepared underneath a Class II
laminar flow hood. Tryptic Soy Agar (TSA) was poured into the sterilized dish and
inoculated with LI (105 CFU/ml) using the pour plate method. The 8mm 1.5% chitosan
disks were placed under an ultraviolet (UV) light for cleaning and sterilization for 5
minutes. One chitosan disk and one control LDPE disk were placed on a TSA/LI lawn,
ensuring direct surface to surface contact, and then incubated at 37 °C for 48 hours. After
incubation, the zones of inhibition were identified and if applicable, quantified by
measuring from the edge of the zone of inhibition to the edge of the film at 3 separate
locations and averaged. The zone of inhibition was measured in millimeters (mm) and
plating was performed in triplicate.

Pour plate method

TSA/LI poured into petri
dish

LI (105 CFU/mL)
UV Sterilization

8mm 1.5% chitosan disk

8mm control LDPE disk

Overlay

Placed on TSA/LI and
overlaid with TSA

Placed on TSA/LI and
overlaid with TSA

Incubation

37°C for 48 hours

37°C for 48 hours

Zone of Inhibition
measurement

ZOI measured

ZOI measured

(5 minutes)

Figure 5. Film Overlay Assay Procedure
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Modified Shake Flask Assay (Liquid Media)
Test tubes containing 9ml of Tryptic Soy Broth (TSB) were inoculated with
Listeria innocua (105 CFU/ml). The 8mm 1.5% chitosan disks were placed under a UV
light for cleaning and sterilization for 5 minutes. Underneath a Class II laminar flow
hood, the disks were then immediately inserted into a test tube containing the TSB/LI
solution. A control film consisting of LDPE was prepared in the same way as the 1.5%
chitosan variable. The test tube was placed in an orbital shaking water bath (New
Brunswick Scientific Co., Edison, NJ) heated to 37 °C for a total of 48 hours. The
number of colony forming units per milliliter (CFU/ml) was quantified after 0, 4, 8, 24,
and 48 hours. A 1 ml sample was pipetted out and serially diluted into Peptone. Using
the pour-plate method, the Peptone samples was transferred to a sterile TSA and
incubated at 37 °C for 48 hours for enumeration. The samples were plated in triplicate.

Test tube inoculation

9mL TSB/LI

LI (105 CFU/mL)
UV Sterilization

8mm 1.5% chitosan disk

8mm control LDPE disk

Orbital Shaker Bath (37°C)

0, 4, 8, 24, 48 hrs

0, 4, 8, 24, 48 hrs

Pour plate method

Added to sterile TSA

Added to sterile TSA

Incubation and
Enumeration

37°C for 48 hrs

37°C for 48 hrs

(5 minutes)

Figure 6. Modified Shake Flask Assay Procedure
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Preparation of Chitosan-Coated Bags
A roll of blown Cryovac HangPak B2000 (polyolefin/PVdC coated nylon based
structure) was received from Sealed Air Division, Cryovac (Simpsonville, SC). The film
was taken to the Sonoco Products Co. Flexible Pilot Plant (Hartsville, SC) where the film
was slit and corona treated. The surface tension of the film was measured after corona
treatment with ACCU DYNE pens and was determined to be around 54-56 dyne/cm.
This higher surface tension was found to be necessary to allow the chitosan solution to
properly wet out.
The corona-treated poly/nylon films were cut into 8 x 10 inch sections and placed
corona-side up on a CSD Laboratory Model II drawdown coater (Consler Scientific,
Oldsmar, FL). The poly/nylon film had a corn starch applied that was used to improve
the runnability of the film during processing. This was removed by rubbing with ethyl
alcohol.

In addition, two sides and the bottom of the film were taped to prevent the

chitosan solution from coating this area. This was essential for sealing the pouch later as
the chitosan solution was not heat sealable. The chitosan solution was then coated onto
the corona treated film surface with a #28 Mayer rod and a steady top to bottom motion.
The coated film was then hung vertically to allow excess solution to drain off. The
coated film was dried at ambient conditions (approx. 73°F) for 24 hours.
Once dried, two films were used to form one chitosan pouch. The edging tape on
the sides and bottom were removed and the chitosan-coated sides of the film were
positioned so they were facing each other. A handheld impulse sealer was then used to
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seal the chitosan free edges, forming a three-sided pouch. The final edge was sealed with
a vacuum sealer after inserting the inoculated hot dog.

Inoculation of Hot Dogs
Carolina Pride Beef Wieners (Greenwood, SC), 8-pack all-beef hot dogs, were
obtained from a local supermarket in Clemson, SC.

Each package was kept at

refrigerated temperature (4°C) and opened just before testing so as to prevent any
unwanted contamination from prolonged exposure to the environment. The packaged
bag was aseptically opened with UV sterilized scissors and removed using UV sterilized
tongs. Each hot dog was then placed into the previously prepared chitosan pouch. The
aforementioned LM solution was serially diluted and 1 mL of inoculated solution was
added to the pouch. The hot dog was hand massaged for 2 minutes to ensure bacterial
contact with the hot dog. The initial population of the LM was between 6.6 and 7.1 log
CFU/ml.

Storage and Sampling Procedure
Chitosan-coated pouches and uncoated control pouches were placed in either 4°C
or 13°C refrigerators to simulate a typical refrigeration temperature and temperature
abuse conditions, respectively.

Additionally, uninoculated samples of both pouch

variables were added to the shelf life test. The pouches were removed at the following
intervals: 0, 1, 2, 3, 4, 5, 6, 7, and 8weeks. Upon removal, each pouch was opened by
UV-sterilized scissors. The USDA Agricultural Research Service package rinse method
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was used to recover the bacteria from the pouches. 9mL of 0.1% peptone water was
added to the pouch and the hot dog was hand massaged for 2 minutes. The rinsate was
then returned to a test tube where it was serially diluted. At each interval, the LM
population was enumerated by serially plating on both MOX and TS agar. The MOX
agar is selective for the Listeria bacteria whereas TSA is non-selective. The different
agars allowed for enumeration of the actual LM count using MOX and to study the effect
of bacterial competition using the TSA. A flowchart of the shelf-life outline can be seen
in Figure 7. All testing was conducted in triplicate.

Hot Dogs
Chitosan pouch
Inoculated
4°C

13°C

TSA

TSA

MOX

MOX

Control Pouch

Uninoculated
4°C
TSA

Inoculated

13°C

4°C

TSA

Figure 7. Food Challenge Study Procedure
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13°C

TSA

TSA

MOX

MOX

Uninoculated
4°C
TSA

13°C
TSA

Statistical Analysis
Statistical Analysis was performed using SigmaXL (Sigma XL, Toronto, ON,
Canada) software. A two-tailed t-test was used to compare between chitosan and control
samples at each time interval for the modified shake flask and hot dog study.
significance level of 95% was used to determine statistical difference.
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A

IV
RESULTS
Film Overlay Assay
After the 48 hour incubation period, there were no visible or measurable zones of
inhibition around the chitosan disks. This is largely due to the chitosan films curling up
as soon as they were placed onto the inoculated agar. As seen in Figure 8, the edges of
the disk curled up away from the surface, thereby reducing the amount of surface contact
between the film and the agar. As such, no zones of inhibition were recorded for the
chitosan films.

As expected, the control films also did not exhibit any zones of

inhibition, although they remained flat and in direct contact with the inoculated agar.

Figure 8. Chitosan Film Overlay Result. The chitosan film has curled up at the edges
and there is no zone of inhibition present. The small rectangle towards the bottom of the
dish is tape on the back side of the dish and was not part of the experiment.
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Modified Shake Flask Assay
The initial population of the Listeria innocua (LI) was 5.5 log CFU/mL. In both
variables, the initial population slightly increased for the first eight hours to 6 log
CFU/mL. The LI population levels for the control samples continued to increase until it
leveled off around 6.5 log CFU/mL after 24 hours. It then remained around this level for
the final 48 hours measurement. In comparison, the LI population levels in the chitosan
tube decreased to below the initial population level after 24 hours and further decreased
to a 4.5 log CFU/mL after 48 hours. This is a 1 log reduction from the initial population
and a 2 log reduction when compared to the control film tube. The chitosan significantly
decreased the population of LI compared to the control after 48 hours (p < 0.05).
Chitosan was not significantly different from the control at the other time intervals (p >
0.05). These findings are illustrated in Figure 9.
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Figure 9. Shake Flask Assay Results. After 48 hours, the bacteria population in the
tube containing the chitosan film was 2 log lower than the bacteria from the control film.

An appropriate screening test is essential for characterizing the antimicrobial
properties of various chitosan and their derivatives. Two of the more commonly used
assays for testing the antimicrobial effectiveness of chitosan are the Film Overlay and
Shake Flask assays. They both allow for direct surface contact when testing a film or
coating, although the Film Overlay does this in a solid-solid matrix while the Shake Flask
utilizes a solid-liquid matrix. Aside from the similarity, each of the two methods
possesses inherent advantages and disadvantages.

The Film Overlay assay is often

chosen because it normally serves as a good indicator of whether an antimicrobial film
will inhibit bacteria growth or not and has a short test duration (approximately 2 days).
One disadvantage of the test is that because of the solid matrix of the film and agar, it is
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dependent on a soluble or mobile antimicrobial compound to diffuse through the solid
matrices. It is possible that some antimicrobial components will not diffuse enough to
illustrate substantial results. This is evidenced by the results from the Film Overlay
testing, as the antimicrobial agent in the chitosan was unable to migrate to the agar plate.
The other disadvantage is that the test only yields qualitative results; that is, the film
either inhibited bacteria growth or did not. It is difficult to assign a definitive quantitative
value with the results, although approximate measurements of the zone of inhibition
(ZOI) can be made. The caveat to quantifying the ZOI is that you are effectively
measuring the diffusive properties of the antimicrobial component and not necessarily the
antimicrobial effectiveness of the film.
As previously mentioned, the Shake Flask assay allows for direct surface contact
between the antimicrobial film and bacteria in a solid-liquid matrix. The main advantage
of the Shake Flask assay is that it allows for quantitative analysis of the results, as the
bacteria population levels can be enumerated at any point in time. For this experiment, a
bacterial solution was serial plated and the LI population was enumerated at 0, 4, 8, 24,
and 48 hours, allowing for a population vs. time plot.

As an alternative to direct

enumeration, it is possible to use a spectrophotometer and a calculation to correlate
absorption/transmittance to a concentration level. Regardless of enumeration method, the
quantitative results allows for direct comparisons amongst variables. One disadvantage is
that the test method does not accurately portray a real world situation as the film will
likely never be immersed constantly in a liquid.
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Comparison of Screening Methods
The results indicate that the Film Overlay assay was ineffective at determining
whether chitosan films had any antimicrobial properties against Listeria innocua (LI). As
seen in Figure 8, there were no visible zones of inhibition in the area around the test films
or underneath, indicating that no bacteria inhibition occurred. The lack of inhibition
underneath the film, where direct contact occurs, also indicates that the antimicrobial
component of chitosan was incapable of interacting and preventing the bacteria growth.
The absence of any zones of inhibition for the film overlay assay is typical and consistent
with previous work. Ye (2008) found that the antimicrobial properties of chitosan were
negated when the chitosan was incorporated into insoluble films. They hypothesized that
the chitosan was incapable of mobilizing through solid matrices, such as the agar lawn.
The lack of a zone of inhibition was also reported for chitosan films when tested against
E. coli, Weissella viridescens, and mold. However, in that research, they found that the
chitosan film effectively limited growth underneath the chitosan disks (Basher, 2000).
Additionally, the chitosan film curled up when placed on the TSA/LI agar plate,
causing the edges of the disk to lose contact with the surface and formed a misshapen test
area that was not uniform. Thus, even if a zone of inhibition were present, the surface
area was reduced from the initial 8mm size and may not lend itself to a direct comparison
amongst variables. The curling tendencies of chitosan were previously identified by
Campbell (2003). In this test, it was found, that when using a Film on Lawn screening
test (similar to Film Overlay), the chitosan film curled up, making it difficult to assess the
antimicrobial properties of the chitosan. It was hypothesized that a Film Overlay assay
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would reduce this limitation; but, the findings of this research indicate that the chitosan
film still has a tendency to curl.
The shake flask method showed that the 1.5% chitosan films reduced the initial
5.5 log CFU/mL bacteria population by 1 log after 48 hours. This was a 2 log reduction
compared to the control film over the same period of time. These results indicate that the
chitosan film was capable of inhibiting bacterial activity when placed in an aqueous
solution and in constant contact with the bacteria. The constant shaking and agitation
appeared to mitigate any diffusion limitations of the chitosan antimicrobial experienced
in the Film Overlay assay results, This is consistent with previous findings that chitosan
is most effective when either the chitosan itself is in liquid form or the bacteria is aqueous
in nature.
Using a 2% chitosan solution mixed with HPMC, Ye (2008) found that increasing
the number of chitosan-HPMC disks in an inoculated tube reduced the Listeria
population. Placing 32 of the 20mm disks in a tube reduced the initial population of 105
log CFU/mL to below the detection limit after 72 hours. Other research has indicated
that chitosan is effective when an inoculated bacteria solution is added to a chitosan film.
Basher tested the antimicrobial effectiveness of a chitosan film against E. coli, Weissella
viridescens, and mold.

The microorganisms tested were suspended in solution and

0.2mL of the inoculated respective solutions were added to a 4.5 cm2 chitosan film. After
96 hours, the microbial populations from the chitosan films were between 4 and 6 log
CFU/mL lower than the control population. They also used a shake flask assay to
quantify the antimicrobial effectiveness, and found that after 96 hours the chitosan film
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had reduced the populations between 2.5 and 3.75 log CFU/mL compared to the control
populations (Basher, 2000).
A chitosan solution was effectively used in spray immersion techniques to inhibit
bacterial growth in produce such as apples, bananas, kiwi fruit, strawberries, and pears.
In this horticultural application, the chitosan was effective at extending the shelf life and
quality of the postharvest produce. The chitosan helped reduce rot, slow down and limit
infection, and acted as a fungicide (Bautista-Banos, 2006).
It should be noted that, in this research, the Listeria innocua population initially
increased in the first 8 hours for both control and chitosan films. This would seem to
indicate that the chitosan was not more effective than the control film at inhibiting the
growth during the exponential growth phase. However, once the bacteria reached the
apparent stationary phase (somewhere between 8 and 48 hours), the chitosan had a
bacteriocidal effect and reduced LI population levels by 2 log over the next 40 hours.
This apparent bacteriocidal effect of the chitosan film on the Gram positive Listeria
bacteria is consistent with the findings of previous research (No, 2002).
Based on these tests, it appears that the antimicrobial effectiveness of chitosan
was dependent on the type of test method used. When chitosan was tested on a solid
media (TSA), no bacterial inhibiting properties towards LI were evident. Furthermore,
the chitosan film had a tendency to curl up at the edges of the film as soon as they came
into contact with the TSA/LI agar plate. As mentioned, this effectively reduced the direct
contact surface area of the chitosan film and the LI bacteria. In comparison, when the
chitosan film was tested in a liquid media (TSB/LI), the chitosan did exhibit
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antimicrobial properties against LI.

Chitosan’s dependency on being able to

transfer/solubilize through the media in order to be effective is again demonstrated by
these results. If one were only to test the chitosan film’s antimicrobial effectiveness
using the Film Overlay method, one may incorrectly assume that the chitosan does not
possess any such characteristics. It is important to know the limitations of these methods
prior to future antimicrobial testing, because otherwise it is possible potential films with
good bacterial inhibition will be discarded as ineffective.
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Food Challenge Study
For the 4°C variables, the initial week 0 Listeria monocytogenes population was
enumerated to be somewhere in the 7 – 7.5 log CFU/mL range. The population dropped
slightly in the chitosan packaged hot dogs through week 1, before rising to approximately
7.4 log CFU/mL in weeks 3-5. In week 6, the LM population dropped down to 6.2 log
CFU/mL, just slightly below the initial population. The final populations for the hot dogs
in the chitosan-coated pouches were 5.9 log CFU/mL for Tryptic Soy Agar (TSA) plated
bacteria and 5.7 log CFU/mL for Modified Oxford plated bacteria. The control uncoated
hot dogs experienced an initial drop in population from 7.5 log CFU/mL to 6.9 log
CFU/mL in week 1. The population then continued to drop to about 6 log CFU/mL
where it remained largely flat throughout the shelf life testing. The final population in
week 8 was 6.0 log CFU/mL for the TSA plated bacteria and 5.5 log for the MOX plated
bacteria. A graph of the 4°C TSA results is presented in Figure 10. The chitosan and
control populations were not significantly different throughout the storage period for both
storage conditions (p > 0.05).
Throughout the 8 week shelf life period, the bacteria levels for the TSA and MOX
were closely related with each other as shown in Tables 9 and 10. There did not appear
to be a difference in the bacteria populations plated on TSA and MOX. This was the case
for bacteria from both the chitosan and control pouches at 4° and 13°C conditions; which
indicates that there was minimal contamination from other bacteria and that mostly
Listeria monocytogenes was present in the pouches. As such, the following figures will
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include only the TSA bacteria counts. The bacteria populations from the MOX plates can
be seen in Tables 9 and 10.

9

LM Population
(log CFU/mL)
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Chitosan 4°C
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Figure 10. LM Populations From Hot Dogs Vacuum-Packaged in Chitosan and
Control Pouches Stored at 4°C and Plated on TSA Over an 8-Week Period. The
final bacteria populations after 8 weeks was 5.6 and 6.0 log CFU/mL for the chitosan and
control variables, respectively.
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Figure 11. LM Populations From Hot Dogs Vacuum-Packaged in Chitosan and
Control Pouches Stored at 13°C and Plated on TSA Over an 8-Week Period. The
final bacteria population after 8 weeks was 7.3 and 6.8 log CFU/mL for the chitosan and
control variables, respectively.
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Figure 12. LM Populations From Hot Dogs Vacuum-Packaged in Chitosan and
Control Pouches Stored at 4°C (Refrigeration) and 13°C (Temperature Abuse) and
Plated on TSA Over an 8-Week Period.

68

Table 9. LM Populations for Control Pouches Over an 8-Week Storage Period. The
pouches were stored at 4°C or 13°C conditions to simulated refrigeration and temperature
abuse, respectively. The pouch rinsate was plated on TSA and MOX. The testing was
conducted in triplicate.
Listeria monocytogenes population (log CFU/mL)
4°C

13°C

Week

TSA

MOX

TSA

MOX

0

7.4 ± 0.3

7.5 ± 0.2

7.3 ± 0.4

7.4 ± 0.1

1

6.9 ± 0.4

6.8 ± 0.3

6.7 ± 0.1

7.5 ± 0.3

2

6.7 ± 0.3

6.5 ± 0.3

6.8 ± 0.2

6.7 ± 0.3

3

6.4 ± 0.3

6.4 ± 0.2

7.4 ± 0.1

7.3 ± 0.1

4

6.3 ± 0.4

-

6.8 ± 0.1

-

5

6.1 ± 0.6

6.3 ± 0.9

6.8 ± 0.1

6.8 ± 0.4

6

6.6 ± 0.6

6.4 ± 0.3

7.1 ± 0.6

6.4 ± 0.4

7

6.0 ±0.0

5.5 ± 0.3

6.7 ± 0.1

6.2 ± 0.2

8

6.1 ± 0.1

5.5 ± 0.7

6.7 ± 0.1

6.2 ± 0.1

Table 10. LM Populations for Chitosan Pouches Over an 8-Week Storage Period.
The pouches were stored at 4°C or 13°C conditions to simulated refrigeration and
temperature abuse, respectively. The pouch rinsate was plated on TSA and MOX. The
testing was conducted in triplicate.
Listeria monocytogenes population (log CFU/mL)
4°C

13°C

Week

TSA

MOX

TSA

MOX

0

7.1 ± 0.4

7.2 ± 0.1

6.9 ± 0.2

7.1 ± 0.3

1

6.5 ± 0.5

6.4 ± 0.2

6.2 ± 0.5

6.5 ± 0.5

2

7.1 ± 0.1

6.9 ± 0.1

7.1 ± 0.3

7.0 ± 0.6

3

7.4 ± 0.1

7.4 ± 0.1

7.6 ± 0.1

7.5 ± 0.3

4

7.4 ± 0.3

-

7.4 ± 0.2

-

5

7.2 ± 0.9

7.4 ± 0.6

7.1 ± 0.5

7.3 ± 0.3

6

6.3 ± 0.5

6.3 ± 0.2

7.5 ± 0.0

6.8 ± 0.9

7

6.8 ± 1.1

6.4 ± 0.8

7.3 ± 0.2

7.3 ± 0.5

8

6.0 ± 0.5

5.7 ± 0.8

7.3 ± 0.4

7.2 ± 0.2
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As seen in Figure 11, the initial population of the hot dogs stored at 13°C varied
between 6.9 and 7.4 log CFU/mL, as enumerated in week 0. For both chitosan and
control coated hot dogs, the population dropped in week 1, before climbing again over
the next couple of weeks. The bacteria populations peaked in week 3 at 7.6 log CFU/mL
(chitosan) and 7.4 log CFU/mL (control), where they remained relatively stable for the
chitosan-packaged samples and slightly declined for the control. The final population for
the chitosan-packaged variables was 7.3 log CFU/mL for TSA and 7.2 log CFU/mL for
the MOX plated agar. The final population for the control variables was 6.2 log CFU/mL
for the MOX plated bacteria and 6.7 log CFU/mL for TSA plated bacteria.
Based on initial testing and previous literature, it was evident that direct surface
contact and a somewhat aqueous matrix were critical if a chitosan coating/film was to
have any effect on bacteria growth. It was also evident from the Shake Flask results that
the chitosan film was capable of inhibiting Listeria growth.

It was hypothesized that

antimicrobial properties of the chitosan would carry over into a package application.
However, the results illustrated in Figure 12 indicate that the antimicrobial properties of
chitosan did not translate to the package format in this research.
The chitosan did not inhibit the growth of Listeria monocytogenes at refrigerated
temperatures nor simulated temperature abuse conditions throughout the 8 weeks of
storage. At 4°C, the LM population actually increased 1 log CFU/mL in the chitosan
pouches when compared to the initial population levels. A similar increase was also seen
in the 13°C samples, as they increased to approximately 7.5 log CFU/mL at week 3.
While not expected, these results are not without precedent as these results are consistent
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with those that show chitosan has difficulty diffusing out of a solid matrix and inhibiting
bacteria growth. As previously indicated in the Film Overlay/Shake Flask results and
previous research (Ye, 2008), the antimicrobial properties of chitosan are diminished
when the chitosan is locked into a solid matrix.

One such study compared the

antimicrobial effectiveness of chitosan films and solutions against LM inoculated onto
5.7cm cold-smoked salmon disk samples. The salmon disks were either dipped in a
chitosan solution or wrapped with chitosan film prior to 4°C storage for 30 days. They
found that the chitosan coating was more effective at reducing the LM populations and
were on average 1.4 – 2.2 log CFU/mL lower than the populations on salmon wrapped
with chitosan films. The salmon wrapped in chitosan film had a 0.5 log CFU/mL higher
population at the end of the storage compared to the initial inoculation level (Zheng,
2011).
Some research suggests that chitosan’s poor antimicrobial properties when tested
against food has less to do with the inability of chitosan to diffuse out of a solid matrix
and more with the interactions between chitosan and the food. Fernandez-Saiz (2010)
tested 1.5% chitosan films against various bacteria in inoculated TSB and reported good
antibacterial properties.

However, when they tested the same chitosan films in an

inoculated fish soup, the antimicrobial properties were significantly reduced compared to
the TSB. Thus, they hypothesized that the reasons for chitosan’s reduced antimicrobial
properties in food systems could be due to irreversible binding of the chitosan with
negatively charged ions in the food product. Interestingly, they also reported that an
apparent killing phase in the first 5 hours of testing resulted in the recovery of a small
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fraction of bacteria that was able to adapt to the new conditions and grow (FernandezSaiz, 2010).
Devlieghere (2004) came to a similar conclusion regarding the chitosan-food
product interactions. They tested the influence of four different food components (starch,
proteins, NaCl, and fat) on the antimicrobial activity of chitosan. They found that
proteins, NaCl, and starch were all capable of inhibiting the antimicrobial properties of
chitosan. They suggest that a negatively charged protein can neutralize the positive
chitosan charges, preventing the chitosan from interacting with the microbial cells. The
NaCl acts in a similar fashion. The negative Cl- ions can neutralize the positive chitosan
charges while the positive Na+ can compete with chitosan for the negatively charged
microbial cells (Devlieghere, 2004).

Conclusion
This research was conducted to compare two commonly used screening methods
for testing the antimicrobial effectiveness of chitosan and relate those methods to the
ultimate challenge of testing it in a food system. Based on the results, the screening
method can drastically affect the perceived antimicrobial effectiveness of chitosan.
When the chitosan film was tested in a solid-semi-solid matrix (Film Overlay), it did not
have any apparent antimicrobial properties. The film curled up, there were no zones of
inhibition, and there was bacteria growth directly beneath the chitosan film.

In

comparison, when a similar chitosan film was placed in an inoculated bacteria solution
(TSB/LI), the chitosan film reduced the bacteria population by 1 log CFU/mL compared
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to the initial inoculation and 2 log CFU/mL compared to the control after 48 hours. This
initial screening demonstrates the potential discrepancy between the two types of assays
and how important the screening test is in the selection of effective antimicrobials,
especially chitosan.
The other objective of this research was to relate the initial screening tests to a
real-world food contact application. The chitosan solution was successfully coated onto a
commercially available film that was surface-treated using industry equipment and
formed into a vacuum-packaged pouch. The LM population of the chitosan-packaged
frankfurters was reduced 1 log CFU/mL at the end of the 8 week storage for refrigerated
samples; however, this was no different than that of the control-packaged populations.
The results indicate that when coated onto a film and tested against LM inoculated
frankfurters, the chitosan did not effectively inhibit or reduce the bacteria growth
compared to the control. This seems to support previous findings that chitosan has
diminished effectiveness when tested against inoculated food products. Thus, while the
appropriate screening test for chitosan is important, the results may not necessarily
correlate when tested in real-world food applications.
This research ultimately confirms previous findings that chitosan does possess
antimicrobial properties against Listeria monocytogenes; however, this effectiveness
becomes minimized once the chitosan is introduced into a solid food matrix such as hot
dogs. Chitosan will remain an attractive and popular choice for a bio-based antimicrobial
compound, but its ultimate value in a real-world environment will be dependent on
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finding a suitable application that will bypass the inherent limitations presented in this
research.

Future Research
-

Test various ways to solubilize or mobilize the chitosan to better interact with
bacteria in a food package. Some potential ideas are:
o

encapsulating the chitosan in cyclodextrin.

o utilizing a carrier material to solubilize the chitosan.
o Testing modified chitosan that is water-soluble such as quartanized
chitosan.
-

Test chitosan packaging films on a different food system.

Possibly test the

antibacterial effect of chitosan on cheese products to limit any potential food
interactions that could reduce the effectiveness of chitosan.
-

Test the effect of chitosan packaging films on other Gram positive and Gram
negative bacteria.

Inoculate the food product with a lower initial bacteria

population that is still in exponential growth phase.
-

Test chitosan with other additives/combinations; such as silver ions, nanocomposites, MAP (modified atmosphere packaging) or aseptic packaging.
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Appendix A
Tape Well Method
An additional test method that was performed during the initial screening of the
chitosan solutions was a Tape Well Method. The Tape Well method was developed by
Cryovac in 2005 as a quick, easy, and efficient alternative to test for the inhibitory effects
of antimicrobial films. One potential advantage of this method is that is utilizes both film
and solution to determine any inhibitory effects. A 4 inch strip of yellow vinyl tape with
a 1” x 3” hole in the center is placed onto the coated side of the test film. Any excess
film is trimmed, and the vinyl tape serves as a small well that contains the inoculant
liquid. A photograph of the tape well formed by the vinyl tape is shown in Figure 13.

Figure 13. Tape Well Photograph
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The film was secured to a plexi-glass sheet by using blue label tape. Diluted
inoculant was pipetted onto the film strip and covered with a sterilized strip of D-955
1mil film. As shown in Figure 14, the plexi-glass sheet was inserted into a poly bag and
the tape well was covered with a damp paper towel before sealing the bag. The sample
was then allowed to sit for 2 days at ambient room temperature (72°F). Afterwards, the
entire tape well and D-955 cover were placed in a bag with 100mL of Peptone and mixed
together. The solution was then serially plated out on agar plates and allowed to incubate
for 2 days. The bacteria counts were then enumerated.

Figure 14. Tape Well Inside Poly Bag
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This method was used to test the antimicrobial properties of chitosan films against
chicken purge inoculated with Escherichia coli. It was found that the test method yielded
highly variable and unrepeatable results. The advantages of this test were that it uses
direct film contact to test for inhibition and yields quantitative results for bacterial
growth. The disadvantages are that it has a long test duration (4 days) and was found to
not have good repeatability. Thus, it was ultimately not chosen as a viable test method
for testing the antimicrobial properties of chitosan.
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Appendix B
Turbidity Observations
It was observed during testing that the two tubes appeared to differ in terms of
turbidity. The chitosan tubes appeared to be more clear and translucent after 48 hours in
comparison to the control tubes. However, this difference was not confirmed via testing.
In Figure 15, the tube on the right contains a chitosan film and is translucent while the
Control tube is more opaque and has particulate present throughout. As shown in Figure
9, the bacteria population in the chitosan tubes was only 2 log CFU/mL lower than the
population in the control tubes.

If the turbidity of the tubes is related to bacteria

population, one would expect that the difference between the chitosan and control tube
populations to be larger than 2 log. As such, it is hypothesized that the translucence is
due to the known clarifying and chelating properties of chitosan (Soto-Peralta, 1989)
(Rungsardthong, 2006).

79

Figure 15. Shake Flask Tubes
T
After 48 Hours. The tube with the control
ontrol film is on the
left and the chitosan film is in the tube on
o the right.
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Appendix C
Bacteria Populations in Uninoculated Pouches

Table 11. Microbial Populations in Uninoculated Pouches Over an 8-week Storage
Period. The pouches were stored at 4°C or 13°C conditions to simulate refrigeration and
temperature abuse, respectively. The pouch rinsates were plated on TSA. The testing
was conducted in triplicate.
Bacteria population in uninoculated samples (log
CFU/mL)
Control

Chitosan

Week

4°C

13°C

4°C

13°C

0

<1.0 ± 0.0

<1.0 ± 0.0

<1.0 ± 0.0

<1.0 ± 0.0

1

<1.0 ± 0.0

<1.0 ± 0.0

<1.0 ± 0.0

<1.0 ± 0.0

2

<1.0 ± 0.0

<1.0 ± 0.0

<1.0 ± 0.0

<1.0 ± 0.0

3

<1.0 ± 0.0

1.6 ± 0.2

<1.0 ± 0.0

1.2 ± 0.2

4

1.7 ± 0.5

2.4 ± 0.3

1.1 ± 0.5

1.5 ± 0.2

5

1.4 ± 0.2

2.2 ± 0.2

1.6 ± 0.3

1.9 ± 0.1

6

2.8 ± 0.8

3.2 ± 1.2

2.8 ± 0.2

2.8 ± 0.3

7

2.9 ± 0.4

3.4 ± 0.2

3.8 ± 0.6

2.3 ± 0.3

8

3.1 ± 0.7

3.7 ± 0.8

2.7 ± 0.7

3.2 ± 0.6
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Appendix D
Bacteria Populations - Statistics
Shake Flask Statistics - TSA
Test for Equal Variances
F-test (use with normal data):
F (test statistic)
p-value (2-sided)
0 hr
1.218
0.9017
4 hr
9.083
0.1983
8 hr
3.351
0.4596
24 hr
1.271
0.8808
48 hr
1.264
0.8836
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2 Sample t-Test for means
Assume Equal Variance:
t (test statistic) p-value (2-sided)
-0.066
0.9506
-0.182
0.8646
0
1.0000
1.669
0.1705
3.453
0.0260

4°C Storage Conditions - TSA
Test for Equal Variances
F-test (use with normal data):
F (test statistic) p-value (2-sided)
0 wk
1.778
0.8193
1 wk
4.000
0.5903
2 wk
6.250
0.4845
3 wk
6.250
0.4845
4 wk
1.563
0.8591
5 wk
2.641
0.7024
6 wk
1.653
0.8417
7 wk
22500
0.0085
8 wk
49.00
0.1807

2 Sample t-Test for means
Assume Equal Variance:
t (test statistic) p-value (2-sided)
0.800
0.5076
1.789
0.2155
-1.300
0.3233
-3.900
0.0599
-3.280
0.0817
-1.507
0.2709
0.526
0.6513
-1.127
0.3769
0.283
0.8039

4°C Storage Conditions - MOX
Test for Equal Variances
F-test (use with normal data):
F (test statistic) p-value (2-sided)
0 wk
16.000
0.3119
1 wk
2.250
0.7487
2 wk
6.250
0.4845
3 wk
16.000
0.3119
4 wk
5 wk
2.086
0.7710
6 wk
1.000
1.0000
7 wk
4.840
0.5432
8 wk
1.210
0.9394

2 Sample t-Test for means
Assume Equal Variance:
t (test statistic) p-value (2-sided)
1.213
0.3491
1.941
0.1917
-1.300
0.3233
-5.093
0.0365
-1.518
0.2683
0.471
0.6838
-1.655
0.2397
-0.336
0.7686
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13°C Storage Conditions - TSA
Test for Equal Variances
F-test (use with normal data):
F (test statistic)
p-value (2-sided)
0 wk
64.00
0.1583
1 wk
49.00
0.1807
2 wk
1.78
0.8193
3 wk
4.00
0.5903
4 wk
2.25
0.7487
5 wk
36.00
0.2103
6 wk
6400.00
0.0159
7 wk
2.25
0.7487
8 wk
1.00
1.0000

2 Sample t-Test for means
Assume Equal Variance:
t (test statistic) p-value (2-sided)
1.364
0.3057
1.980
0.1863
-1.000
0.4226
-1.342
0.3118
-3.051
0.0927
-1.151
0.3688
-1.012
0.4179
-3.051
0.0927
-4.243
0.0513

13°C Storage Conditions - MOX
Test for Equal Variances
F-test (use with normal data):
F (test statistic)
p-value (2-sided)
0 wk
49.00
0.1807
1 wk
1.778
0.8193
2 wk
3.240
0.6457
3 wk
6.250
0.4845
4 wk
5 wk
2.250
0.7487
6 wk
6.760
0.4675
7 wk
5.444
0.5155
8 wk
2.250
0.7487

2 Sample t-Test for means
Assume Equal Variance:
t (test statistic) p-value (2-sided)
1.131
0.3753
2.400
0.1385
-0.777
0.5185
-0.557
0.6335
-1.387
0.2999
-0.718
0.5473
-2.889
0.1019
-5.824
0.0282
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